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Double outlet right ventricle associated with complete
atrioventricular (AV)canal is a rare malformation. Nine
cases are reported. In this abnormality the anterior AV
leaflet is undivided and free floating and the aortic and
pulmonary orificesare in the same frontal plane. In four
of the nine cases, the conus was bilateral, but it was
slightly hypoplastic in two. In five cases there was no
subaortic conus and there was mitral-aortic continuity
The association of double outlet right ventricle and persistent
common atrioventricular (AV) canal was first described by
Witham (1) in 1957. Few cases have been reported since
then (2-8). Recently, however, interest in this complex
malformation was rekindled by successful total correction
in several patients (9-13).
Methods
Our study group included 9 (16%) of 54 specimens with
complete persistent common AV canal that we have ob-
served in our pediatric cardiology unit. Gross examination
and postmortem radiologic studies were performed. Metallic
rings of suitable size were fitted to the AV, aortic and
pulmonary anuli. The inferior rim of the ventricular septal
defect was outlined in the same manner.
Findings
All specimens presented the complete form of persistent
AV canal belonging to type C of the classification proposed
by Rastelli et a1. (14). The common AV anulus was situated
above both ventricles. An undivided anterior valve leaflet
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through the ventricular septal defect. Pulmonary ste-
nosis was present in eight cases. Radiograms may best
demonstrate the anatomy of the ventricular septal de-
fect; it extends far anteriorly belowthe aortic valve, and
its inferior rim is deviated by the trabecula septomar-
ginalis.
(J Am Coli CardioI1986;8:396-401)
straddled the ventricular septum without being attached to
it, whereas the posterior leaflet was tethered to the septum
by chordae (five cases) or a membrane (four cases). The
membranous septum was absent in all specimens included
in our study. The diaphragmatic wall of the left ventricle
was abnormally short, shifting the AV anulus into a more
or less vertical plane (Fig. 1). Our study group was classified
into three subgroups according to conal anatomy, which
determines the relation of the great arteries with respect to
each other and to the ventricular septal defect.
Group 1: bilateral conus (two specimens). Viscero-
atrial situs was solitus in one heart and inversus in the other;
both showed ventricular d-loop morphology. Ventricular
anatomy, with a dilated right ventricle and moderately hy-
poplastic left ventricle, explains the fact that the common
AV valve essentially overrode the right ventricle in both
cases (Fig. 1). Difficulties arose in analyzing the ventricular
septal defect. When seen from the atrial side, it was in a
location typical of complete persistent AV canal. However,
when seen from the ventricular side, its inferior rim appeared
deviated to the right by the trabecula septomarginalis, The
reality of this observation was verified radiographically by
inserting the previously described metallic markers, first
through the atria and then through the ventricles, and com-
paring the positions obtained on cross-sectional films with
the beam parallel to the long axis of the heart (Fig. 2). The
great arteries both arose from the right ventricle. The aortic
anulus was situated to the right of the pulmonary anulus in
the same frontal and horizontal planes. The aortic valve was
normal in size and its conus was not obstructive. The latter
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Figure 1. Group I specimen. Double outlet right ventricle with
bilateral conus and complete atrioventricular (AV)canal. A, Right
ventricular view; the whitearrow indicates theventricular septal
defect. B, Lateral radiographic view of the same heart, in which
metallic rings have been previously fitted. AO = aortic valve;
C = conus; PA = pulmonary artery; VSD = ventricular septal
defect.
was situated just anterior to the ventricular septal defect
without overriding the ventricular septum. The pulmonary
valve was small, dystrophic and bicuspid; its conus was
stenotic (Fig. I).
Group 2: bilateral conus with hypoplastic subaortic
conus (two specimens). Both specimens 3 and 4 had atrial
situs solitus, ventricular d-loop and dextromalposition of
the great arteries, which both arose from the right ventricle.
The left ventricle was the same size as the right ventricle
in specimen 3 but slightly smaller than the right ventricle
in specimen 4. The aortic valve surmounted a hypoplastic
conus and its valve leaflets were situated below those of the
pulmonary valve. The subpulmonaryconus was mildly ste-
notic and associated with valvular hypoplasia. The pul-
monary valve was bicuspid in specimen 3. The position of
the ventricular septal defect with respect to the aortic anulus
was the same as in group I. In specimen 4 the moderator
band divided the right ventricle into two chambers by the
unusually high insertion of the septal band. Blood was de-
livereddirectly to the subaorticchamber across the AV valve
Figure2. Craniocaudal radiographic view from thesame specimen
as inFigure I. Theline of asterisks corresponds to theventricular
septal plane, and the arrow indicates the septal band. Abbrevia-
tions as in Figure I.
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but arrived only indirectly in the subpulmonary chamber
across the ostium separating the two chambers. The margins
of this ostium leading into the subpulmonary infundibulum
were the infundibular septum above, the septal band me-
dially, the moderator band inferiorly and the right ventric-
ular free wall laterally (Fig. 3B).
Group 3: subpulmonary conus, absent subaortic con~
(five specimens). Specimens 5, 6 and 7 presented atnal
situs solitus, ventricular d-loop and dextroposed aorta. The
left ventricle was hypoplastic. The aortic valve origin was
from the right ventricle in front of the anterior leaflet of the
common AV valve, alongside the anterior part of the right
edge of the ventricular septum. The aortic anulus and the
anterior leaflet of the AV valve were in fibrous continuity
through the ventricular septal defect. A hypoplastic pul-
monary trunk left the right ventricle in front of and to the
left of the aorta. Pulmonary stenosis in all three specimens
was both valvular and subvalvular; in two instances, a bi-
cuspid pulmonary valve was encountered.
Specimens 8 and9 differedfrom theprevious three. Spec-
imen 8 showed moderate right ventricular hypoplasia and
overriding aorta (two-thirds over the right ventricle). In
addition, pulmonary stenosis was absent. Specimen 9 was
unique and presented situs inversus, ventricular I-loop, lev-
ocardia and levoposed aorta. Pulmonary stenosis was val-
vular and infundibular. Moderate septal override by the aorta
was noted. The left ventricular chamber was slightly smaller
than the right chamber.
Discussion
Incidence. The association of double outlet right ven-
tricle and common persistent AV canal is rarely encountered
in clinical practice. However, it represented 16% in our
series of hearts with persistent AV canal and .25% in that
of Thiene et at. (5). These percentages are undoubtedly
inflated by the high mortality rate within this subset of AV
canal, particularly because until recently it was not consid-
ered amenable to corrective surgery.
Visceroatrial situs and AV connection. Among the 110
well documented reported cases of double outlet right ven-
tricle with persistent AV canal (1-8), situs was solitus in
52 and inversus in I; in our study these numbers were 7
and 2, respectively. Associated splenic anomalies were fre-
quently recorded by other workers (asplenia, .42 cases; .po-
lysplenia, 14 cases), but were not observed 10 our senes.
Venous return was known in all 110 reported cases that we
reviewed. Systemic return was anomalous in 56 cases, and
pulmonary return was anomalous in 33. Atrioventricular
concordance was observed in the majority of patients. How-
Figure 3. Group 2 specimen. Double outlet ri~ht ventri~le with
hypoplastic subaortic conus, double chamb~red nght ventncle .and
complete atrioventricular canal. A, Subaortic c~amber o~ the nght
ventricle. B, Subpulmonary chamber of the nght ventncle. The
arrow in A indicates the ventricular septal defect, and the probe
in A and B is put through the ostium, separating the two chambers
of the right ventricle. Abbreviations as in Figure 1.
lACC Vol. 8, No.2
August 1986:396-40I
TOUSSAINT ET AL.
DOUBLE OUTLET RIGHT VENTRICLE ANDAV CANAL
399
ever, three cases of discordant AV connection were docu-
mented, to which we add our own .
The AV canal. When associated with double outlet right
ventricle, the AV canal is almost always of the complete
form , and type C is the most common. To our knowledge
only nine cases of type A and one case of type B have been
reported.
The ventricles. Left ventricular hypoplasia, rarely re-
corded in the reports we reviewed, was severe enough in
one-third of our study group to contraindicate surgery. Pre-
operative echocardiographic and angiocardiographic studies
to evaluate left ventricular size thus appear indispensable.
It should be pointed out that hypoplastic left ventricle is
relatively frequently associated with endocardial cushion
defect without a double outlet right ventricle (15).
In our specimen 4 the right ventricle was divided into
two chambers by the unusually high insertion of a hyper-
trophied trabecula septomarginalis (16) . In two cases de-
scribed by Ciavarella et al. (6) , the right ventricle appeared
bilocular, with one main chamber from which both great
arteries arose and one blind chamber.
VeRtricular septal defect. In our series , the ventricular
septal defect had the same characteristics in the isolated
forms of common AV canal as in those associated with a
double outlet right ventricle. In types Band C, the mem-
branous septum is deficient (14 , IS). Right ventriculotomy
reveals that the septal band, when present, extends to the
level of the aortic valve or subaortic conus (groups I and
2). Moving backward, the septum is contiguous with the
posterior part of the crista supraventricularis and thus forms
a curved line that we visualized by means of a metallic
marker (Fig. 2, arrow). The intraventricular baffle is sewn
into this line so as to guide left ventricular blood into the
aorta (10) (Fig. 4). In the majority of reported cases, as in
all of our cases, the ventricular septal defect is partially
subaortic; however, in the study of Bharati et al. (7), it is
doubly committed in 9%, noncommitted in 44% and sub-
pulmonary in 3% of their cases.
Relations of great arteries. In most cases of double
outlet right ventricle, the aortic and pulmonary valves lie
side by side in the same frontal and horizontal planes over
coni separated by a sagittally oriented septum, and there is
mitral-aortic fibrous discontinuity . Such a feature is usually
required for diagnosis. However, some investigators (2,4,6)
reported a variant of double outlet right ventricle without a
subaortic conus. In a recent pathologic study of 63 speci-
mens of double outlet right ventricle, Wilcox et al. (17)
included 14 cases that have "the morphologic characteristics
of tetralogy of Fallot. " They cons idered that a great artery
is connected to a ventricle if it arises by 50% or more from
the ventricle. Edwards (18) stated that double outlet right
ventricle and tetralogy of Fallot are "two distinct but not
mutually exclusive entities." The evaluation of the over-
Figure 4. Craniocaudal radiographic view of a specimen with
bilateral conusafter surgicalrepair. This figure showsthe position
of the interventricular baffle(shaded area) . The line of asterisks
corresponds to the ventricular septal plane. Abbreviations as in
Figure I.
riding is difficult, so we required that at least two-thirds of
the aortic valve lie over the right ventricle to qualify as
double outlet right ventricle . According to the definition of
Edwards, our group 3 specimens may be considered as
having double outlet right ventricle with tetralogy (18).
Embryology. The morbid association of double outlet
right ventricle and complete AV canal represents a very
primitive heart. Development of the heart was interrupted
before translation of the conotruncus and fusion of the en-
docardial cushions at the 15th horizon. This embryologic
level corresponds to the 30 to 32 day stage (19). Ulterior
modifications do not alter basic malformation.
Surgical Management
Until several recent successful attempts at total repair,
the surgery of double outlet right ventricle with complete
AV canal has been strictly palliative. The perioperative mor-
tality with total correction is still cons iderable (9-13). We
believe that the surgical indications and strategy should be
as follows.
Palliative surgery. In patients without pulmonary pro-
tection , banding of the pulmonary trunk should be per-
formed to prevent progre ssive pulmonary vascular obstruc-
tive disease . In patients with pulmonary stenosis and severe
cyanotic disease, systemic to pulmonary anastomosis should
be established. Total correction may be undertaken later in
childhood wherever necessary and possible.
Reparative surgery. A relatively high operative mor-
tality accounts for the fact that reparative surgery is still in
the experimental stage. No doubt , a thorough hemodynamic
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and angioc ardiographic evaluation of the precise form of
double outlet right ventricle and the complete AV canal
involved , along with venous return and hypoplastic ventri-
cle, will improve surgical results .
I . Forms with AV discordance . These offe r the least
difficulty for correc tive procedures. After standard repair of
the complete AV canal, an extracardia c conduit is installed
between the left ventricle and pulmonary artery . Daniel son
et al. (9) described this operation in 1978 .
2 . Forms with AV concordance. Two techniques have
been used : intra ventricular repair and double external con-
duit.
a) Repair using an interventricular baffle. This technique
was described by Pacifico et al. (10) in five patients (with
three death s) and by Midgley et al. (II ) in one patient. The
first steps con sist of the usual repair of the mitral valve and
then clos ure of the ventricular septal defect by an oversewn
Dacron baffle so as to include the aort ic ring in the left
ventric le. The suture line follows the superior rim of the
ventricular septum, describing a curved line due to deviation
by the septal band (Fig . 4), then proceed s around the aortic
anulu s and finally end s at the AV valves. Thi s can be done
success fully only when the ventricular septal defect is large
enough becau se anterior enlargement of the defect is im-
possible. The partitioning is completed by a ventricular sep-
tal patch . Pulmonary stenosis , when it ex ists, must be re-
lieved by employing one or a combination of the following:
pulmonary valvotomy, infundibular resection , enlargement
of the subpulmonary infund ibulum or insertion of a tubul ar
prosthesis between the right ventric le and pulmonary artery.
b) Repair using two external conduits. This technique
was employed in 1975 by McGoon ( 12) , who inserted one
valved tube between the left vent ricle and the aorta termi-
nolaterally and another valved tube between the right ven-
tricle and pulmonary artery after correction of the AV canal.
The coro nary arteries were perfused countercurrently. It
should be mentioned that the aort ic valve need not neces-
sari ly be oversewn. Closure is maintained by the pressure
gradie nt between the aorta and the right ventricle.
c) Modified Fontan technique. Stimulated by the report
by Gonzalez-Lavin et al . ( 13) of successful repair in a patient
with transposit ion of the great arteries and endocardial cush-
ion defect , Pacifico et al. (10) suggested using the Fontan
operation in form s of double outlet right ventricle and AV
canal in which the ventricular septal defe ct is far remo ved
from the aortic valve. The right side of the AV valve is
obturated. Th e right atrium is then anastomosed to the pul-
monary artery by a valved or valveless tubular prosthesis.
Oxygenated blood enters the right ventricle through the left
ventricle and exits throu gh the aortic valve . Thi s technique
is feasible only when pulmonary resis tances are low and the
ventricular septal defect is nonrestrict ive . Mitral valve repair
must be impeccable because residu al mitral regurgitation
would elevate pulmonary pressure s and cause acute right-
sided cardi ac failure .
Conclusions. Our findings dem onstrate that doubl e out-
let right ventricle with complete AV canal can be classified
into three grou ps, acco rding to conal ana tomy: I) bilateral
conus; 2) bilateral conus with hypopl astic subaortic conus;
and 3) subpulmonary conu s and absent subaortic conu s.
Repair using an intraventricular baffle is difficult, because
of the anterior ex tension of the large ventricular septal defect
of the AV ca nal. The suture line of the intraventricular baffle
must be deviated by the septal band .
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